
Computational Design and Process Intensification 

of CO
2

Absorbers

Charles Finney & Costas Tsouris

Oak Ridge National Laboratory

August 17, 2022

2022 Carbon Management Project Review Meeting

Project Team

Josh Thompson, Gyoung Gug Jang, Zachary Mills,

Aimee Jackson, Dhruba Deka, Jonathan Willocks (ORNL)

Grigorios Panagakos (CMU, NETL/Leidos)

Yash Girish Shah (NETL/Leidos)

Debangsu Bhattacharyya (WVU)

Acknowledgements: Many collaborators across CCSI2



Objective: Design and optimize performance of novel, process-

intensifying structured packing specific to solvent characteristics.

Project overview
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Approach: Interface with other CCSI2 teams to leverage CCSI2

expertise, utilizing ORNL capabilities in additive manufacturing and 

existing experimental infrastructure.



Absorber with intensified device
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Commercial packing
Intensified 

device

The intensified device 

provides intrastage cooling 

to maximize capture 

efficiency Ʒ process 

intensification



Device optimization relies on many components
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EXPERIMENTS

Costas Tsouris, Gyoung Yang,

Josh Thompson, Aimee Jackson



×Enhancement of existing 8-inch column for finer-grained measurements

ïEach flange has 4 ports for column performance measurements

ïImproved characterization of operando solvent properties (e.g., CO2

concentration, amine concentration, water content, etc.)

˅Designed reduced-size test section for more rapid simulations and 

experimental testing and prototyping

Experimental activities are prepared to maximize utility of 

performance data for CFD model validation and candidate 

geometry evaluation
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The 8-inch column has fine-grained measurement points 
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a) HDPE solvent distributor
b) Commercial stainless-steel packing 

element with HDPE outer wall module
c) CO2 absorption column setup
d) Installed intensified device
e) 3D printed intensified packing device

Existing measurement points

Added measurement points

8-inch column at ORNL

(Column A)



Performance data tools for model validation and candidate 

packing geometry evaluation are in place
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Current measurement variables

On the column

ïPressure

ïTemperature

ïGas flow rate & CO2 concentration

ïSolvent flow rate [column top & bottom]

In the lab

ïSolvent CO2 concentration

ïSolvent density

ïSolvent viscosity

ïSolvent water content

ïSolvent amine concentration

ïSolventïsolid surface contact angle

Instruments for solvent contact-angle 
and density/viscosity measurements



Heat-transfer experiments were conducted to evaluate two 

intensified device geometries
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˅Measured pressure drop, holdup, and 

residence time distribution of the solvent 

using intensified devices
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Experiments with the 8-inch diameter Column A

Heat-transfer experiments: AMO funded


